Abstract -Human chromosome 7 (HSA7) derives, by a pericentric inversion and a paracentric inversion, from an ancestral chromosome homologous to chromosome 10 of Pongo pygmaeus (the Asiatic Orang-Utan). Nevertheless the genesis of this autosome during primates evolution is not clear. Even if chromosome painting shows that HAS 7 synteny is highly conserved, GTG-banding comparison in Hominoidea and Cercopithecoidea indicates the probable occurrence of complex rearrangements during the evolution. In this study we used a single locus FISH approach, a powerful tool to detect fine rearrangements, in order to investigate the evolution of HAS 7. We report the chromosome mapping of Williams-Beuren syndrome locus (WS -HSA 7q11.23) on Macaca fascicularis (MFA), Cercopithecus (Chlorocebus) aethiops (CAE) and Trachypithecus cristatus (TCR) (Cercopithecoidea, Primates). The probe hybridises on all species tested and demonstrates the occurrence of rearrangements like fusion, fission and pericentric plus paracentric inversions respectively in MFA, CAE and TCR. Together with the first chromosome mapping of WS locus in Cercopithecoidea, this study confirms that single locus mapping is a very efficacious tool for the analysis of chromosomal rearrangements as it gave the opportunity to have a fine molecular confirmation to proposed banding patterns homologies.
INTRODUCTION
Monogenic and subchromosomal probes are increasingly applied on non-human primates, with the aim of better understanding the evolution of human genome (LUKE and VERMA, 1995; DESILVA et al. 1999; MARZELLA et al. 2000; ROMAGNO et al. 2000; SINEO et al. 2002; CARBONE et al. 2002) . This approach consists in the mapping of human loci on regions that, on the basis of banding patterns comparison, are presumably involved in complex intrachromosomal rearrangements, overcoming the limits of the chromosome painting approach. Infact, whole chromosome painting allows a not definitive molecular validation of banding patterns comparative analysis, as it puts in evidence only interchromosomal rearrangements. The problem of the limit of the chromosome painting can be partially overcome applying a reciprocal painting approach YANG et al. 2003) .
In order to describe the evolution of human chromosome 7, a 7q11.23 specific probe mapping tourned out to be very informative. This probe has a wide application in the detection of a microdeletion responsible of elastine gene deficiency related to William-Beuren Syndrome (WS) (PEREZ JURADO et al., 1998) . WS locus has been recently localised on African apes Pan troglodytes (PTR) and Gorilla gorilla (GGO) on Asiatic ape Pongo pygmaeus (PPY) as well as in lesser ape Hylobates lar (HLA) (DESILVA et al., 1999) .
These results are in agreement with the banding pattern comparison of human chromosome 7 homologous, as previously reported (YUNIS and PRAKASH 1982; ROMAGNO 1989) , and with chromosome painting approach (JAUCH et al. 1992) . The evaluation of the banding pattern in the apes and in lower primates considered as outgroups (YUNISH and PRAKASH 1982; ROMAGNO 1989) , previously demonstrated that an inversion occurred in an ancestral autosome similar to the chromosome of Pongo. From this ancestral feature derived, firstly, the Gorilla chromosome number 6 and later, in a line common to chimp and man, a paracentric inversion which gave origin to the human chromosomal features. In fact, the probe hybridises in PTR and GGO to the pericentromeric region of chromosome 6q; further, as a demonstration of the occurred pericentric inversion the probe is localised in the pericentromeric p arm in Pongo (PPY). DESILVA et al. (1999) demonstrated that man and apes, but not mouse, show "duplicated segments", and a consequent fragility, in HSA 7p22, HSA 7q11.23, HSA7q22 break points involved in these two rearrangements.
WS region has been mapped on Macaca fascicularis (MFA), Cercopithecus (Chlorocebus) aethiops (CAE) and Trachypithecus cristatus (TCR) in order to extend the fine reconstruction of the evolution of HSA7 to Superfamily of Cercopithecoidea. The species examined are representative of the old world primates radiation, respectively for tribes Papionini, Cercopithecini and Colobini. From an evolutionary point of view Papionini is a highly stable group; on the contrary guenons and vervets are genetically very variable and chromosomally heterogeneous. Subfamily Colobinae are a relatively stable group.
MATERIALS AND METHODS
Slides were prepared from stored pellets coming from whole blood coltures of MFA, CAE and TCR, obtained in accordance to standard procedures (SMALL et al. 1985; STANYON et al. 1990 ). Slides were dehydrated in ethanol series (70%, 80%, 100%) for 2 minutes each, at room temperature; than a 2 minutes of denaturation at 70°C in a 70% formamide /2xSSC, pH 7.3 was applied, followed by a further dehydration in cold rising ethanol concentrations.
Williams-Beuren Syndrome Region specific probe (approximately 450 kb) was kindly provided, directly labelled with rhodamine by M.L. Giovannucci Uzielli (Human genetics Unit -Meyer Hospital, Firenze, Italy). A five hours to overnight hybridisation have been applied with 10 µL of probe. After hybridisation in humid chamber at 37°C slides were washed three times in for 10 minutes in 50% formamide/2xSSC, 46°C. Further washing was in 2xSSC for 5 minutes in 2XSSC/0.1% NP-40 at 46°C. After the complete drying 10 µL of DAPI counterstain were applied: the consequent light banding allowed an easy recognition of chromosomes. Probe signals were detected on a Nikon fluorescence microscope and collected with a COHU CCD Camera. 
RESULTS
William-Beuren probe has been detected in all three species examined: it has a pericentromeric position on the p arm on MFA number 2, a large submetacentric chromosome; on CAE is localised on number 28, a small achrocentric chromosome; in TCR it hybridises on number 4, a large submetacentric chromosome in a pericentromeric position on q arm (Fig. 1 a-c) .
The analysis of GTG banded homologous chromosomes in these species indicate a strong resemblance with PPY10 chromosome (Fig. 2) . This chromosome can be considered the ancestral form of old world primates in consideration that we can find a chromosome with several grades of banding homology in many species of Cercopithecoidea, as like in other primates.
The comparative analysis of whole chromosome painting demonstrated that, in Macaca, HSA 7 material is fused with HSA 21 to form MFA 2 (WIENBERG et al. 1992) . In CAE, HSA 7 material paints on chromosome 21 and chromosome 28 (FINELLI et al. 1999) , whereas in Thachypithecus cristatus it paints chromosome 4, with the exception of a small distal part of p arm not actually attributed to any human chromosome (BIGONI et al. 1997a) .
DISCUSSION
William Beuren probe has been successfully detected in all species here tested; the mapping results generally confirm the chromosome evolution that can be hypothesised on the basis of banding pattern analysis and give some more informations. The position of the WS signal in CAE 28 confirmed the probable homology in between this chromosome and the p arm of PPY 10 and yield one additional information: probe position demonstrates the occurrence of a pericentric inversion in TCR. This event only in part clarifies the banding differences in between TCR number 4 and the ancestral PPY 10 EVOLUTION OF HUMAN CHROMOSOME 7 41 Fig. 3 -The idiogram of PPY chromosome compared with Hominidae (Gorilla, Pan and Homo) and with Macaca, Cercopithecus and Trachypithecus. Proposed rearrangements explain differences in banding patterns and are confirmed by WS mapping (DESILVA et al. 1999; KINGSLEY et al. 1997; present work) . For instance, the proposed pericentric inversion in TCR is proved by the change in the position of WS probe. like chromosome. This fact is supported by an HSA-p subtelomeric probe mapping on TCR 4 (KINGSLEY et al. 1997) , that indicates a more complex genesis in particular for the long arm. This chromosome probably has undergone to different complex rearrangements, such as a paracentric inversion at the level of the HSA 7p21 and p22 homologous region, followed by a second paracentric inversion derived from breaks occurred in HSA7p13 and HSA 7p22 homologous regions. Alternatively we can postulate a possible intrachromosomal translocation with a reversed insertion of the 7p21-7p22 homologous region in 7q11.2, followed by a secondary paracentric inversion in the homologous 7p13 and p15 regions. Even if the occurrence of such complex rearrangements could appear not parsimonious, it must be considered that some of the region involved in the rearrangements previously proposed (homologous to HSA7p22 e 7q11.2), are also involved in the proved genesis of human chromosome 7 starting from an ancestral PPY 10 like prototype (Fig. 3) . Furthermore it is important to note that these regions (as like other regions in primate genomes, frequently involved in rearrangements (SINEO et al. 2002) are fragile sites in man and in most primates presently analysed. These regions are: HSAp22 and the homologous region in PTR; HSA7q11.2 and the homologous region in GGO; HSA7q11.2 and the homologous region in PPY (SMEETS et al. 1990 ); HSA7p22 and the homologous region in MFA (RUITZ-HERRERA et al. 2002) ; HSA7p13 and the homologous regions in HSA, PTR, GGO, PPY and MFA (SMEETS et al. 1990; RUITZ-HERRERA et al. 2002) . Moreover HSA7p15 and the homologous region in MFA houses intrachromosomal telomeric break-prone sites (RUITZ-HERRERA et al. 2002) .
This study is an original contribution to the comparative mapping of WS gene in primates and strongly indicates the usefulness of a single locus approach in the understanding of fine rearrangements and of their role in the understanding of the evolutionary history of genomes.
